Introduction
============

According to the Scoliosis Research Society, the normal range of thoracic kyphosis is 20°--45° in standing posteroanterior radiographs of the spine based on the Cobb angle \[[@b1-asj-2019-0008]\]. Hyperkyphosis is a condition defined by increased posterior angulation of the thoracic spine (from T5 to T12) with a curve \>45°. Hyperkyphosis can appear because of several reasons, such as spinal fractures, neuromuscular diseases, Scheuermann's disease, and various unknown mechanisms.

One of the most common causes of hyperkyphosis is Scheuermann's disease that affects 0.4%--10% of adolescents aged 10--16 years \[[@b2-asj-2019-0008],[@b3-asj-2019-0008]\]. A skeletally immature patient with a progressive deformity requires active treatment, such as bracing and exercises, to control curve progression. Bracing is the most effective nonsurgical treatment for adolescents with flexible kyphotic deformities, and its effectiveness has been proven in several studies \[[@b4-asj-2019-0008]-[@b6-asj-2019-0008]\]. For patients with a thoracic apex at T8 or above, the Milwaukee brace is the most effective treatment for applying 3-point corrective forces to the apical vertebra \[[@b4-asj-2019-0008],[@b6-asj-2019-0008],[@b7-asj-2019-0008]\]. Several factors, such as the age, sex, curve magnitude, and joint flexibility, contribute to the success of the orthotic treatment of spinal deformities \[[@b8-asj-2019-0008],[@b9-asj-2019-0008]\]. However, the issue of brace compliance is another important factor \[[@b10-asj-2019-0008]-[@b12-asj-2019-0008]\]. If the patient does not follow the recommended brace wearing schedule (i.e., noncompliance), the treatment may not be successful.

Conventionally, brace compliance is evaluated using subjective methods, such as a patient diary, questioning the patient's parents or nurse, clinical evidence, and brace appearance \[[@b13-asj-2019-0008],[@b14-asj-2019-0008]\]. However, these subjective methods are inaccurate, with a bias toward overestimation, because they are dependent on the patients or parents' estimates \[[@b15-asj-2019-0008]\]. However, direct monitoring of brace compliance using several different sensors can guarantee higher precision with regard to the brace wearing time \[[@b11-asj-2019-0008],[@b16-asj-2019-0008]-[@b18-asj-2019-0008]\]. Despite the effectiveness of the Milwaukee brace for the treatment of Scheuermann's kyphosis, its compliance rate has not yet been evaluated. Moreover, when considering the differences between objective and subjective methods, the disparity could have great clinical importance. In recent years, a simple miniature temperature logger (DS1922L iButton; Maxim Integrated Products Inc., Sunnyvale, CA, USA) has been used to accurately monitor the brace wearing time \[[@b19-asj-2019-0008]\].

Based on the above information, the present study aimed to objectively measure the Milwaukee brace compliance of adolescents with Scheuermann's kyphosis. We hypothesized that the brace-wearing times reported by the patients and their parents would differ significantly in the objective measurements.

Materials and Methods
=====================

1. Participants
---------------

This prospective cohort study was conducted on Scheuermann's kyphosis patients who were undergoing Milwaukee brace treatments. These braces were designed and manufactured for each patient individually. From June 2016 to October 2016, all the participants undergoing regular check-ups at the same spinal deformities clinic were requested to participate in this study. Total 21 participants were recruited.

The inclusion criteria were as follows: Scheuermann's kyphosis with prescription of braces, at least 10 years old at the beginning of bracing treatment, a Risser sign ≤2, no previous treatment, and a sagittal Cobb angle of 45°--74°. In addition, those with Cobb angles \>74° who refused surgery were enrolled. The exclusion criteria were as follows: unwillingness for clinical referral for routine follow-up, missing sensor data, and an incomplete diary. All the participants who fulfilled the inclusion and exclusion criteria signed consent forms. This study was approved by the Human Research Ethics Committee of the Iran University of Medical Sciences (letter no., 1395.931367002).

2. Instruments
--------------

### 1) Objective compliance measurement

In the current study, the compliance was measured objectively using a temperature logger thermal-time sensor \[[@b19-asj-2019-0008]\]. This small data logger (17 mm×6 mm) can accurately measure and record the temperature and time at variable intervals. This sensor comprises a waterproof stainless steel capsule that encases an 8-kB data log memory, a digital thermometer, a real-time clock, and a battery. It has an integrated impact-resistant structure with no accessory parts. By setting the temperature logger to record data every 15 minutes, it is possible to record data for up to 85 days \[[@b19-asj-2019-0008]\]. Given the wide potential applications of temperature loggers, they minimize the number of times that a patient needs to return to download the recorded information and release the memory. All the above-mentioned features, along with the affordable price, made this sensor an ideal choice for the researchers. The temperature logger was connected to a computer containing OneWireViewer software (Maxim Integrated Products Inc.) via its specific adapter that includes the ability to program the device based on the desired setting.

### 2) Subjective compliance measurement

Each patient's compliance was measured subjectively using a questionnaire designed for this purpose. The questionnaire structure included a timetable that the patient and their parents could use to record the time duration for which the brace was worn each day \[[@b20-asj-2019-0008]\]. In order to ensure patient collaboration, the patient's family was reminded via daily text message (short message service message). The patient's compliance, defined as his or her adherence to a prescribed wear schedule, was calculated by determining the ratio of hours for which the orthosis was worn to the hours of prescribed wear, multiplied by 100 to express the quotient as a percentage.

3. Procedure
------------

The brace wearing time was assessed for at least 3 weeks using the following three methods: the questionnaire, the sensor, and a verbal report. Previous studies have shown that a measurement period of 2 weeks is sufficient to evaluate the usage pattern of braces \[[@b17-asj-2019-0008]\].

In this study, the sensor was embedded in the kyphosis pad of the Milwaukee brace with 2-mm foam between the sensor and the patient's skin ([Fig. 1](#f1-asj-2019-0008){ref-type="fig"}). When the patient returned to the clinic for the bracing follow-ups, the sensor was removed from the brace, and the information was downloaded. The data were recorded as an algorithm that was ready for analysis ([Fig. 2](#f2-asj-2019-0008){ref-type="fig"}). The analysis of the recorded data was based on the following rules: (1) The accepted indoor temperature range was \>18°C and \<30°C (average, 24°C--25°C). This temperature is defined as the thermal comfort zone in the field of meteorology. In the present study, the indoor temperature was measured using a sensor in three different environments for 3 days. The results of this experiment showed that the indoor temperature was 24°C--26°C, with a threshold of 30°C \[[@b21-asj-2019-0008]\]. This study was performed during the summer, and according to the Iran Meteorological Organization, the temperature of this geographic region overlapped with the sensor threshold temperature while it was recording the data. (2) In order to determine whether the presence of foam interfered with the sensor and reduced its accuracy, the temperature logger's performance was tested in several situations. The data collection was performed under conditions wherein the foam interval thickness was 2 mm, 3 mm, and 5 mm and was in direct contact with the skin in the brace simultaneously. The results of all of these experiments showed that the temperature differences were \<1°C.

The only manner in which the brace wearing temperature could have been disturbed during the temperature measuring process (and consequently, affected the results) was if they patient did not wear the brace and left it in an outdoor area. In this case, if the ambient temperature fell to 30°C--37°C, there was a possibility of an error in the analysis of the algorithm recorded by the temperature logger. In order to control for this potential confounder, each patient was asked (verbally) whether he/she left the brace outdoors or in a car box at any time. The patient and his/her family did not know about the sensor and the reason for the question; therefore, the probability of bias was minimal.

The third method for assessing patient compliance for the brace-wearing schedule was verbal questioning. For this, the therapist asked the parents or caregiver(s) about the average brace wearing time. The question was framed as follows: "On average, how many hours did your child wear the brace daily and nightly since your last visit?" The score obtained from this question was recorded and evaluated along with the information obtained from the other subjective and objective methods.

4. Statistical analyses
-----------------------

The statistical analyses were conducted using IBM SPSS Statistics for Windows ver. 21.0 (IBM Corp., Armonk, NY, USA). Data distribution was assessed for normality using the Shapiro-Wilk test. In order to compare the mean scores obtained from the thermal logger and the subjective compliance measurement methods, the Friedman test was used. To determine the relationships of the compliance rate with the patient's sex, age, and body mass index (BMI), Spearman correlation coefficient analysis was used. The significance level was set at 0.05 for all the tests.

Results
=======

Of the 21 participants who fulfilled the inclusion criteria, three were excluded because they refused their referrals for continued treatment. Finally, 18 patients (seven boys and 11 girls) completed the study. The mean subject age at the time of the study was 12.89±1.77 years, the mean kyphosis Cobb angle was 63.82°±14.08°, and the mean duration for follow-up for compliance rate measurement was 27.11±10.61 days. [Table 1](#t1-asj-2019-0008){ref-type="table"} shows the clinical and demographic characteristics of the study participants. [Table 2](#t2-asj-2019-0008){ref-type="table"} shows the comparisons for brace compliance among the three measurements methods used in the study as per the Friedman statistical test. The results of this test indicated a statistically significant difference in the compliance rates across the three methods of measurements (sensor, questionnaire, and verbal questions). The present results showed no significant correlations of age and BMI with brace compliance ([Table 3](#t3-asj-2019-0008){ref-type="table"}).

Discussion
==========

The present results showed a significant difference between the average brace compliances measured using the objective and subjective methods. The results showed a greater compliance based on the parental subjective reports than that measured objectively using the temperature logger. In other words, the brace compliance rate measured using the subjective method was higher than that using the objective method. When considering the proven effects of brace compliance on treatment outcomes, the reported difference may indicate a limitation of the reports on the efficacy of orthotic treatment. This point has been raised by Rahman et al. \[[@b22-asj-2019-0008]\].

We compared a precise questionnaire method that is used more commonly in scientific research with verbal questioning of the patient's parents or guardian(s) to determine the patient's average daily use of the brace, which has been used more commonly in clinical evaluations. The comparison result was interesting because it showed a significant difference between the two methods. This finding strengthens the suggestion that a high risk of error is associated with the use of the routine clinical method for evaluating brace compliance. Moreover, based on the study findings, even the most precise subjective methods are significantly different from the objective ones. The patient and their parents were unaware of the existence of a sensor in the brace. We believe that this is the strength of our study because in most previous studies that have used a sensor, the patient knew about its presence, and this may have interfered with true compliance and resulted in biased results \[[@b23-asj-2019-0008],[@b24-asj-2019-0008]\]. In a study Miller et al. \[[@b23-asj-2019-0008]\], the patient's knowledge of the sensor's presence in his or her brace was introduced as a factor that enhanced patient compliance. Lou et al. \[[@b24-asj-2019-0008]\] described the patient's knowledge of the presence of the sensor as a potential contributing factor to the study.

In order to identify the potential factors that affect brace compliance, the effects of each variable, including sex, age, and BMI, were assessed with regard to the compliance rate. Despite the results of the study conducted by Hasler et al. \[[@b21-asj-2019-0008]\], the present study found no correlation between the patient's age and brace compliance. Moreover, sex and BMI were not significantly correlated with brace compliance. These findings suggest that the reasons for compliance and noncompliance of brace use may not be limited to the physical factors of each individual. Future research can focus on the mental perceptions of the patient and the parents with regard to the deformity, determining which has a greater effect on the brace wearing schedule. Moreover, the fear of surgery can also play an important role in patient compliance \[[@b25-asj-2019-0008]\].

Several studies have attempted to determine whether the Milwaukee brace is the most effective orthosis available for the treatment of scoliosis and hyperkyphosis; however, many new orthoses have been designed for treating spinal deformities because of the reported patient rejection of the Milwaukee brace, especially due to the neck component. In the current study, the mean compliance rate for the Milwaukee brace over 1 day and 1 night (23 hours required) was about 16 hours or 70%, objectively. This compliance rate is consistent with that reported by Takemitsu et al. \[[@b26-asj-2019-0008]\] who measured the compliance of the Wilmington brace as well as the findings of Nicholson et al. \[[@b11-asj-2019-0008]\] and Miller et al. \[[@b23-asj-2019-0008]\] who measured the compliance rates of custom-made thoracolumbosacral orthoses for the treatment of spinal deformities in adolescents. However, the studies that aimed to measure the compliance rates of new designs have shown that the same restrictions apply in terms of compliance, and in some cases, the compliance rates of the newer designs were less than those reported in the present study \[[@b21-asj-2019-0008]\]. Therefore, the results of these studies suggest that the factors affecting patient compliance are not limited only to the appearance and nature of the brace.

When considering the results based on the sensor data, the patients were more compliant during the night (bedtime) than during the day. These results correspond to those reported by Nicholson et al. \[[@b11-asj-2019-0008]\]. The present study had certain limitations, such as the limited number of subjects, short follow-up duration, and the inclusion of patients with different spinal curve types and different treatment initiation time, even though each patient was only compared with himself/herself. Moreover, the participants and/or their guardians were aware of the information in their questionnaire while answering the verbal report question. Although the number was the same only for one participant, this needs to be considered as a study limitation.

Conclusions
===========

The present results showed a significant difference between the actual and prescribed brace wearing time in adolescents with Scheuermann's kyphosis. The braces were worn less often than reported by the patients and/or their parents. Therefore, objective compliance assessments of brace use by adolescents with Scheuermann's kyphosis are warranted in the future.
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![(A) The Milwaukee brace for hyperkyphosis (arrowhead). (B) Placement of the Thermochron data logger on the thoracic pad of the brace (arrowhead).](asj-2019-0008f1){#f1-asj-2019-0008}

![Recorded temperature using the OneWireViewer software. The information for 2 months of wearing the brace. The x-axis demonstrates the time interval of 15 minutes across 2 data points. The y-axis shows the temperature. The threshold temperature was wearing the braces was considered to be \>30°C.](asj-2019-0008f2){#f2-asj-2019-0008}

###### 

Demographic characteristics of the recruited participants

  Characteristic         Mean±standard deviation   Min                                                  Max
  ---------------------- ------------------------- ---------------------------------------------------- -------
  Age (yr)               12.89±1.77                10                                                   16
  Cobb angle (°)         63.82±14.08               38^[a)](#tfn1-asj-2019-0008){ref-type="table-fn"}^   86
  Height (m)             1.59±0.10                 1.45                                                 1.82
  Weight (kg)            54.44±15.55               27                                                   84
  Body mass index        22.00±4.12                15.35                                                27.99
  Follow-up time (day)   27.11±10.61               16                                                   48

This patient had 67° kyphosis Cobb angle at initiation bracing but was alleviated to 38º at the time of participation.

###### 

Comparison of brace compliance between the three measurement methods

  Compliance rate (hr)   Mean± standard deviation   Min    Max     *p*-value
  ---------------------- -------------------------- ------ ------- -----------
  Thermochron            16.00±4.90                 5.79   20.29   \<0.001
  Questionnaire          19.52±6.04                 9.22   23.10   \<0.001
  Verbal report          20.21±6.05                 9.22   23.00   \<0.001

Friedman test indicated that our results were rated differently, χ^2^ (2)=26, *p*-value ≤0.001.

###### 

Correlation between the age and body mass index with objective brace compliance

  Objective compliance   Age      Body mass index
  ---------------------- -------- -----------------
  *r*                    0.794    0.907
  *p*-value              -0.066   -0.033
